IMPORTANCE Optical coherence tomography (OCT) has transformed the clinical management of a myriad of ophthalmic conditions. Applying OCT to ophthalmic surgery may have implications for surgical decision making and patient outcomes.
O ptical coherence tomography (OCT) has evolved from an experimental instrument to a critical clinical diagnostic modality and may have the potential to become a seamless surgical-guidance tool. Recent literature studies [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] examining intraoperative OCT (iOCT) support the potential role for iOCT in ophthalmic surgery. These studies have examined the role for iOCT in multiple procedures and conditions, including epiretinal membranes, a macular hole, vitreomacular traction, retinal detachment repair, lamellar keratoplasty, and cataract surgery. 1, [3] [4] [5] [6] 8 The field of OCT-guided surgery remains a nascent field. Many early reports were retrospective with small sample sizes. [3] [4] [5] [6] 8 The PIONEER (Prospective Intraoperative and Perioperative Ophthalmic Imaging With Optical Coherence Tomography) study, 1 examining the utility of a microscope attached externally to an OCT device during ophthalmic surgery, provided, to our knowledge, the first large prospective data set to examine the feasibility and utility of iOCT. However, the vast majority of previous studies focused on systems that were not integrated into the OCT and that did not allow for real-time feedback or heads-up surgeon interfaces. The future of iOCT will likely be founded in integrative technologies. New systems are now emerging that provide the surgeon with microscope-integrated technology and may enable rapid "real-time" feedback on the anatomic changes that occur during surgical manipulations. 6, [11] [12] [13] [14] The key features of these systems with regard to maximizing outcomes and minimizing surgical disruption, as well as the specific procedures that would benefit from microscope-integrated iOCT, remain unclear.
To better understand the feasibility and utility of microscope-integrated iOCT, the DISCOVER (Determination of Feasibility of Intraoperative Spectral Domain Microscope Combined/Integrated OCT Visualization During En Face Retinal and Ophthalmic Surgery) study was initiated. Our report provides the 1-year results for the assessment of feasibility and utility (ie, effect on surgical decision making) of microscopeintegrated iOCT for ophthalmic surgery for one of the prototypes in the DISCOVER study, the RESCAN 700 (Carl Zeiss Meditec AG).
Methods
The DISCOVER study is a single-site, multisurgeon, prospective consecutive case series regarding this investigational device, and it was approved by the institutional review board of the Cleveland Clinic. The study adhered to the tenets of the Declaration of Helsinki. 15 Written informed consent was obtained from all patients participating in the DISCOVER study. The study included an intraoperative protocol for imaging during surgical milestones and immediate surgeon feedback. The data variables collected included indication for surgery, type of procedure, visual acuity, ocular comorbidities, details regarding surgical maneuvers/techniques (eg, instrument type and surgical approach), type of OCT images obtained during surgery, and adverse events. Although scheduled study visits were completed following the first postoperative visit, institutional review board approval includes an additional 2-year period of postoperative review of clinical variables, imaging outcomes, and clinical outcomes.
The DISCOVER study includes 3 microscope-integrated OCT prototypes: the RESCAN 700, the Bioptigen integrated prototype, and an integrated prototype internally developed at the Cole Eye Institute (Cleveland Clinic). Our report will focus on the RESCAN 700 results during year 1 (ie, March 2014-February 2015). The imaging protocol directed surgeons to obtain imaging during and/or after surgical milestones, as determined by the operating surgeon. The RESCAN 700 system includes a microscope-integrated OCT system, as previously described. 2 Imaging data were reviewed by the surgeon intraoperatively and reviewed independently postoperatively. Surgeons visualized the OCT data stream through the oculars using the heads-up display or an external display monitor, based on their preference. A research coordinator assisted with acquiring OCT images and collecting surgeon feedback and data. Prespecified surgeon feedback questionnaires were completed for all cases focusing on several specific areas of interest related to the microscope-integrated system and surgical procedure, including the perceived value of iOCT to the procedure (eg, the effect on surgical decision making), the preferred ergonomics of the system (eg, heads-up display or review mode), and issues related to workflow (eg, interference with the case). In addition, in select prespecified procedures (eg, membrane peeling and lamellar keratoplasty), an additional feedback form was completed related to the value of iOCT for that specific procedure.
Results

Clinical Demographics
At 1 year of the DISCOVER study, a total of 227 eyes underwent imaging with the RESCAN 700 system (Table) . Of the 227 patients, 121 (53%) were female and 106 (47%) were male. The mean age of the patients in the study was 62 years (range,19-91 years). Overall, the successful acquisition of iOCT images was obtained for 224 of 227 eyes (99% [95% CI, 98%-100%]). For 2 patients, iOCT images were not obtained owing to the surgeons' decision not to image, and for 1 patient, iOCT images were not obtained owing to software malfunction.
At a Glance
• We describe the feasibility and effect on surgeon decision making of microscope-integrated intraoperative OCT (iOCT) during 227 ophthalmic surgical procedures from the DISCOVER study.
• During lamellar keratoplasty, iOCT often provided information to the surgeon, altering surgical decision making in 39% of cases.
• During membrane peeling, iOCT information altered surgical decision making in 19% of procedures.
• Advances in OCT-compatible instrumentation, iOCT-specific software, and surgeon guidance systems may facilitate integration into ophthalmic surgery.
vided information related to graft position/orientation. In addition, iOCT provided visualization of interface fluid and graft/ host apposition. Surgical manipulations (eg, manual sweeping and increased air infusion pressure) were performed to minimize interface fluid ( Figure 1 ). During deep anterior lamellar keratoplasty, iOCT provided real-time feedback of trephination depth, allowing for visualization of instrument-tissue interaction and providing immediate information related to the residual stromal bed (Figure 2 ). Imaging with iOCT confirmed the location of intraocular implants, including glaucoma procedures (eg, relative tube-endothelial location) and corneal inlay procedures (eFigure 1 in the Supplement). During phacoemulsification, multiple steps of the procedure were visualized with iOCT, including capsulorrhexis, hydrodissection, groove depth, and intraocular lens placement (eFigure 2 in the Supplement).
Ergonomics and Value of Microscope-Integrated iOCT During Anterior Segment Surgery
For 82 of 91 patients (90% [95% CI, 84%-96%]), surgeons reported that microscope-integrated iOCT provided valuable feedback. According to surgeons in the study, 40 of 91 patients (44% [95% CI, 34%-54%]) underwent anterior segment surgery that was changed or modified owing to the iOCT findings. For example, during a DSAEK procedure, iOCT revealed subclinical graft detachment in the operating room, and that allowed the surgeon to intervene with rebubbling prior to stopping the procedure. During a corneal inlay procedure, wound depth was increased to optimize implant placement. During glaucoma surgical interventions, iOCT provided valuable data in select cases on optimal tube placement (eg, verifying sulcus placement, or relative tube-cornea location) (eFigure 1 in the Supplement). For 63 of 91 patients (69% [95% CI, 60%-79%]), surgeons preferred real-time iOCT feedback; however, static feedback was more optimal for 21 of 91 patients (23% [95% CI, 14%-32%]). For 84 of 91 patients (92% [95% CI, 86%-97%]), the heads-up display system was preferred over viewing the OCT information on the video display. There were no reports of the iOCT system interfering with surgery. For 12 of 91 patients (13% [95% CI, 6%-20%]), contamination (eg, contaminated gloves or surgical instruments) occurred during anterior segment surgery. None of these cases of contamination resulted in contamination of the surgical field. (Table) . For patients with an epiretinal membrane or a macular hole, iOCT revealed residual membranes, allowed for visualization of tissue-instrument interactions, and confirmed completion of surgical objectives (Figure 3) . Absolute shadowing was noted with real-time membrane peeling with metallic instruments (Figure 3) . In select cases, true OCTguided membrane peeling was performed when the standard view was poor owing to corneal edema both with real-time visualization of tissue-instrument interactions and with identification of residual membranes that were not otherwise visible. Intraoperative OCT was particularly valuable in complex cases of membrane peeling, such as myopic foveal schisis or vitreoschisis with multilaminar membranes (eFigure 3 in the Supplement and Video 2).
During posterior segment surgery to repair a retinal detachment, iOCT provided visualization of the completeness of 
Ergonomics and Value of Microscope-Integrated iOCT During Posterior Segment Surgery
Overall, for 97 of 136 patients (71% [95% CI, 63%-79%]), surgeons indicated that microscope-integrated iOCT provided valuable feedback. For 49 of 136 patients (36% [95% CI, 28%-44%]), surgeons reported that the information provided through iOCT resulted in changes to the surgical approach. During surgery to repair a retinal detachment, iOCT revealed that a subretinal band in an eye with proliferative vitreoretinopathy was entirely flat under perfluorocarbon liquid when en face visualization gave the impression of elevation. Given the iOCT findings, additional membrane peeling was abandoned, minimizing surgical manipulation. During another surgery to repair a retinal detachment, the surgeon believed there was a focal area of detachment that was confirmed by iOCT to be entirely flat in the retinal periphery ( Figure 3) . In a case of myopic schisis, a prominent membrane was peeled from the retinal surface, but iOCT revealed a prominent persistent underlying membrane that was not perceptible to the surgeon (eFigure 3 in the Supplement and Video 2). For 93 of 136 patients (68% [95% CI, 60%-76%]), surgeons preferred real-time iOCT feedback; however, static feedback was more optimal for 39 of 136 patients (29% [95% CI, 
Research Original Investigation
Microscope-Integrated OCT During Ophthalmic Surgery ) who underwent membrane peeling, the iOCT findings were discordant with t h e s u r g e o n's i m p r e s s i o n a n d r e s u l t e d i n d i r e c t alterations to the surgical procedure.
21%-37%]
iOCT Guidance of Surgical Decision Making: Retinal Detachment Surgeons used iOCT for 24 patients who underwent surgery to repair a retinal detachment. For 17 of 24 patients (71% [53%-89%]), iOCT revealed persistent subretinal fluid under perfluorocarbon liquid. The types of iOCT feedback that affected surgical decision making included the identification of a macular hole under perfluorcarbon liquid (n = 1), the identification of residual membranes requiring peeling (n = 2), the identification of optimal placement for drainage based on subretinal fluid (n = 1), and the differentiation between choroidal hemorrhage and subretinal fluid (n = 1). Overall, for 5 of 24 patients (21% [95% CI, 5%-37%]), surgeons indicated that iOCT provided feedback that altered their decision making with regard to surgery.
Adverse Events
One serious adverse event (ie, myocardial infarction) occurred postoperatively during the course of the study following a vitrectomy. The most common postoperative day 1 adverse events in both groups included corneal epithelial defects (31 of 227 patients [14%]) and abnormal intraocular pressure values (29 of 227 patients [13%]). All 7 epithelial defects in the anterior segment arm of the study occurred in use of iOCT for many ophthalmic surgical conditions, including both anterior and posterior segment surgical procedures. This report from the DISCOVER study provides a large prospective examination of the feasibility and utility of microscopeintegrated iOCT. The rapid advancements transpiring in the field of iOCT are pushing the limits of what is achievable in imageguided surgery using real-time surgeon feedback. 2, 6, 11, 14, 18 Microscope-integrated iOCT offers immediate image guidance during surgery, allowing the surgeon to gauge procedural progression and completion. This live feedback may facilitate improvements in the surgeon's judgment, technique, and knowledge during procedural processes. Although this study represents the largest prospective clinical study to date on microscope-integrated iOCT, there are important limitations that must be acknowledged. This study was noncomparative and nonrandomized and was not masked. All surgeons knew that they would be using the iOCT system, and this may have affected their level of aggressiveness during the surgical procedure. In addition, our report has focused on the intraoperative and early postoperative implications of iOCT on a surgeon's decision making. Data on long-term patient outcomes are currently being collected, and additional data will be helpful in the future to better understand the role played by iOCT. Our report also focuses on a single integrated iOCT system. One-year enrollment of patients for the other systems in the DISCOVER study is still under way, and the data are expected later this year. Currently, randomized masked controlled studies are also being planned to provide more definitive answers to the overall value of iOCT in patient outcomes.
In our report, iOCT was successfully performed 99% of time. During lamellar keratoplasty, iOCT was reported to alter the surgical procedure in 33% of cases. The most common reason for iOCT changing the approach to the surgical procedure was discordance between the surgeon's perception of graft adherence and the objective iOCT information. Similarly, during posterior segment membrane peeling, in 19% of cases, iOCT provided new information to the surgeon that was not in agreement with surgeon's impression. In these cases, the most common reason for altering a surgical procedure was related to the completeness of the peel. These percentages are similar to those in other reported studies. In the PIONEER study, 1 surgeons reported that iOCT definitively changed the surgical approach in 9% of cases of lamellar keratoplasty. During retinal membrane peeling, iOCT changed the surgical approach in 13% of cases. 1 Similar to the DISCOVER study, these were cases in which the subjective interpretation of the en face view by the surgeon was discordant with the objective iOCT information. 1 Generally, surgeons reported that the immediate feedback related to changes in tissue anatomy was the most valuable (eg, completeness of membrane peel or graft adherence). True "real-time" visualization of surgical maneuvers was less commonly reported as critical. Select cases, such as viscodissection and choroidal biopsies, appeared to be particularly helpful with real-time feedback. One current major limitation of real-time visualization is the lack of OCT-compatible instrumentation. [11] [12] [13] Metallic instruments result in significant shadowing with suboptimal light scattering properties for OCT visualization. Improvement in OCT-compatible instrumentation may advance the field even further. [11] [12] [13] Although the systems in the DISCOVER study represent a significant iterative step forward related to integrative technologies, deficits remain in the technology for true seamless integration. Current deficits include those regarding automated OCT aiming/ tracking, optimizing the heads-up display, instrument-depth tracking, and software analysis for iOCT alterations, in addition to OCT-compatible instrumentation. 11, 19, 20 Optimizing the heads-up display for maximizing surgeon feedback while minimizing distraction will be important. 11 Significant advances have been achieved with iOCT software analysis packages, including the assessment of interface fluid and the analysis of volumetric pathology for features such as a macular hole.
5,19-21
The definitive role for iOCT continues to emerge. Research from the PIONEER study has shown that minimizing interface fluid during DSAEK may reduce the level of postoperative interface haze. 17 In addition, the alterations in the outer retina (ellipsoid zone-retinal pigment epithelium height) may be important for understanding the architectural normalization following repair of a macular hole. 21 An exciting, potentially emerging role for iOCT is in targeted therapeutic delivery with image-guided tissue placement, and objective volumetric measurements may also play a critical role in the future in regenerative medicine and gene therapy. The 1-year results of the RESCAN portion of the DISCOVER study provide additional evidence for the feasibility and utility of microscope-integrated iOCT. As additional barriers to seamless integration are cleared away, such as software analysis and automated tracking, the role for iOCT in ophthalmic surgery may continue to expand. Ongoing research in long-term patient outcomes related to the PIONEER study, 1 the DISCOVER study, and other ongoing studies will continue to add to our knowledge base and improve our understanding of how iOCT may add value to surgical procedures.
